tion water, seedlings, lettuces grown, and washed lettuces ready-to-eat), were analyzed. EV genomes were detected in 12.5% (12/96) of the tested samples (eight from irrigation water and 4 from lettuce samples). Levels of viral concentration ranged from 3.37 × 10 3 to 4.72 × 10 6 genomic copies per liter (gc L −1 ) and from 2.14 × 10 4 to 5.56 × 10 4 genome copies per 25 grams (gc 25 g −1 ) for the water and lettuce samples, respectively. Such findings suggest that the use of viruses as human fecal contamination markers must be considered in order to improve food safety in organic supply chains.
K E Y W O R D S
agriculture, environmental health, food safety, viruses, water quality of food-borne outbreaks associated with EV (Todd and Greig 2015) .
However, studies have detected EV in several matrices including sewage, irrigation water, and shellfish, some of them from environmental surveillance studies of polioviruses and nonpolio enterovirus (Cheong et al., 2009; Connell et al. 2012; De Oliveira Pereira et al., 2016; Espinosa, Arias, Sánchez-Colón, & Mazari-Hiriart, 2009; Ndiaye, Diop, & Diop, 2014) . Elsewhere, some studies have shown that EV can be transferred onto the surface of vegetables through spray irrigation water resulting in viral contamination of the vegetables (Allende & Monaghan, 2015; Cheong et al., 2009; Pachepsky, Shelton, McLain, Patel, & Mandrell, 2011; Uyttendaele et al., 2015) .
This study aims to investigate the environmental dissemination of human Enterovirus species in the production chain of organic lettuce in a small farm located in the region of Brejal, municipality of Petropolis, in the state of Rio de Janeiro, Brazil. (Werneck et al., 2017) were processed for EV investigation.
| MATERIAL S AND ME THODS
Water samples (2 L) were processed for viral concentration using an adsorption-elution method with a negatively charged membrane as described previously by Katayama, Shimasaki, and Ohgaki (2002) .
For lettuce samples, 25 grams (g) was concentrated using the same method adapted for small volumes (approximately 120 ml) using a 0.45 μm negative charge membrane with a Stericup ® filter (250 ml) (Nihon, Millipore, USA) and ultrafiltration was performed with
Centriprep Concentrator ® 50 Nihon, Millipore) to give a final volume of 2 ml (Fumian, Leite, Marin, & Miagostovich, 2009; Katayama et al., 2002) .
RNA extraction and One-step reverse transcriptase quantitative polymerase chain reaction (RT-qPCR).
Nucleic acids were extracted using QIAamp Viral RNA Mini Kits . To determine the limit of detection standard RNA was serially diluted in a pool of negative water concentrates. The concentrates were extracted as described above and tested in duplicate.
RT-qPCR was performed using for water and lettuce samples, respectively.
| Virus isolation
According Briefly, 200 μl of concentrate was inoculated in duplicate into 12 ml cell culture tubes (Nalgene ™ Thermo Fischer Scientific, USA) containing 1.0 x10 5 cells/ml. Culture cells were kept at 36°C with daily observation using an invert microscope for the appearance of cytopathic effect. Three serial passages were conducted with a 7-day interval. Control cultures cells were used to report toxicity, degeneration, or contamination. After 21 days, the qPCR was performed with paired samples (initial concentrates and inoculated cultures).
The same procedure was accomplished for the three cell types used.
| RE SULTS AND D ISCUSS I ON
This study investigated the presence of human Enterovirus species using one-step reverse transcriptase quantitative TaqMan ® PCR (RT-qPCR) from water and lettuce samples obtained from a chain of organic lettuce. The limit of detection in 100 μl of water of RTqPCR assays that were used in this study was found to be 168 gc for EV following the FSA 2006 guidelines (Armbruster & Pry, 2008; FSA 2006) . The RT-qPCR assay detected EV in 12.5% (12/96) of total samples, 13% (8/60) from water, and 11% (4/36) from lettuce samples. EV load ranged from 3.37 × 10 3 to 4.72 × 10 6 genomic copies per liter (gc L −1 ) and from 2.14 × 10 4 to 5.56 × 10 4 genome copies per 25 grams (gc 25 g −1 ) for water and lettuce samples, respectively (Table 1) . Previously, a study carried out with these same samples re- (Cook, Knight, & Richards, 2016) . TA B L E 1 Detection and quantification of enterovirus (EV) according to matrix and collection points (n = 12 each) 
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